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CLAIMS 

1. A ceramic for cast-wrapping, characterized by the fact that it is an aluminum titanate 
ceramic sintered product composed of auxiliary materials having a chemical composition of the 
ceramic material that consists of (i) 0.5-6% Fe 2 0 3 and (ii) 0.5-2% Mn0 2 and/or 0.5-2% Cr 2 0 3 , by 
weight, and main materials consisting of (iii) AI2O3 and Ti0 2 , with (iv) the composition mole 
ratio of A1 2 0 3 and Ti0 2 being 0.97:1-0.8:1. 

2. A cast-wrapped body, characterized by the fact that it is constituted by cast-wrapping 
the above-mentioned ceramic using a metal with a melting temperature of 1 ,450°C or lower. 

3. The cast-wrapped body of Claim 2, characterized by the fact that the above-mentioned 
metal is a cast iron. 
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DETAILED EXPLANATION OF THE INVENTION 

Industrial application field 

The present invention pertains to a ceramic for cast- wrapping, which is cast-wrapped with 
a metal, especially a spheroidal graphite cast iron with excellent high-temperature strength, and is 
mainly suitably used as the inner wall of the exhaust manifold of an internal combustion engine. 

PRIOR ART 

Recently, in internal combustion engines for automobiles, harmful components in the 
exhaust gas have been reduced by a catalyst, and a high output and a low combustion have been 
realized. For this reason, for the exhaust port and exhaust manifold, temperature maintenance of 
the exhaust gas for improving the catalyst purification performance and measures allowing a 
high-temperature oxidizing exhaust gas to be generated by high output processing and low 
combustion processing have been in demand. 

In response to such demands, an exhaust port and an exhaust manifold with thermal 
insulation, heat resistance, and oxidation resistance having a cross-sectional structure in which a 
hollow tubular ceramic is cast- wrapped with a metal, the inner wall is made of a ceramic, and the 
outer wall is made of a metal has been proposed. However, in such a proposal, since a ceramic 
that eliminated all of the following problems was not indicated, it was difficult to provide it as an 
exhaust manifold for practical uses, even if it could be provided as an exhaust port for practical — 
uses. 

(1) Since the exhaust port installed at a cylinder head or a cylinder side wall is sufficiently 
cooled with water or air, an aluminum alloy with a low melting point can be used as the above- 
mentioned outer peripheral metal, but since the exhaust manifold is not aggressively cooled, it 
has a high temperature. Thus, the use of an iron group metal with a high melting point such as 
spheroidal graphite cast iron is required. 

Therefore, during cast-wrapping, it is necessary for the ceramic used for the inner wall of 
the exhaust manifold to withstand a thermal capacity much greater than that of the ceramic used 
for the inner wall of the exhaust port. 

(2) Compared with the exhaust port, the exhaust manifold has a large [illegible] shape. 
Therefore, compared with the ceramic used for the inner wall of the exhaust port, it is 

necessary for the ceramic used for the inner wall of the exhaust manifold to withstand a large 
amount of deformation generated by the difference in the thermal expansion coefficient between 
the ceramic and the metal during cast-wrapping. 

(3) Since the above-mentioned exhaust port is well cooled, compared with the exhaust 
manifold, the temperature is low. In other words, the ceramic used for the inner wall of the 
exhaust manifold cannot withstand high-temperature uses, compared with the ceramic used for 
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the inner wall of the exhaust port. 

Accordingly, in order to solve the above-mentioned problems, Japanese Kokoku Patent 
No. Sho 60[1985]-5544 and Japanese Kokai Patent Application No. Sho 63[1988]-236759 
manufactured in consideration of the low thermal expansion rate of aluminum titanate have been 
proposed. 

In the proposal presented in Japanese Kokoku Patent No. Sho 60[1985]-5544, kaolin and 
magnesium silicate are added to the aluminum titanate, and a minimum elastic modulus (8 x 10 2 
[not clearly legible] N/mm 2 ) is provided. 

On the other hand, the proposal presented in Japanese Kokai Patent Application No. Sho 
63[1988]-236759 is an aluminum titanate ceramic to which at least one of silica, magnesium, and 
ferrous oxide is added at 10 wt% or less, in total, to alumina and titania, and softness [flexibility] 
with an elastic modulus of 50-2,000 kgf7mm 2 is made to exist. Since the allowable amount of 
deformation up to its fracture is large and stress concentration is difficult to promote, cast- 
wrapping with a molten metal is advantageous. 

PROBLEMS TO BE SOLVED BY THE INVENTION 

In the above-mentioned prior arts, there are the following problems. 

In other words, in the ceramic presented by Japanese Kokoku Patent No. Sho 60[1985]- 

5544, since the a llow a b l e amount of de format i on up to i t s fractur e is s ma ll , s tre ss concentration 

is also easily caused, and it is easily fractured by deformation due to the thermal impact of a 
spheroidal graphite cast iron being cast at 1,400°C or higher and due to the difference in the 
thermal expansion coefficient from that of the spheroidal graphite cast iron. 

On the other hand, in the ceramic presented by Japanese Kokai Patent Application No. 
Sho 63[1988]-236759, for the inner wall of the exhaust manifold with a large complicated shape, 
the substance that can be cast- wrapped with the spheroidal graphite cast iron is limited to a low- 
elastic ceramic with a mole ratio of Ti02 to AI2O3 of 1 or less, and has very coarse crystals. 
Since such a ceramic has a small specific surface area of the crystal particles, the bonding 
strength of the particles is weak, and the Ti02 content effective for preventing the decomposition 
of the aluminum titanate ceramic at high temperatures is deficient. Thus, the ceramic is 
insufficient for long-term use as the inner wall of an exhaust manifold subjected to a 
considerably high temperature, compared with the exhaust port. 

Furthermore, since ceramics such as silicon nitride, silicon carbide, alumina, and zirconia 
other than the aluminum titanate have a low thermal impact resistance and a small allowable 
amount of deformation up to their fracture, a special process such as coating the outside of the 
ceramic with an adiabatic material having a low elastic modulus was required to cast- wrap them 
with the spheroidal graphite cast iron, and they were difficult to be industrially used. 
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MEANS TO SOLVE THE PROBLEMS 

When the ceramic is cast- wrapped with a metal, cast-wrapping of the ceramic with an 
aluminum alloy does not mean that the ceramic is wrapped with a spheroidal graphite cast iron. 
The aluminum alloy is cast at about 700°C, while the spheroidal graphite cast iron is cast at 
1 ,400-l,450°C, which is at least twice that of the aluminum alloy. Thus, the thermal impact 
exerted on the ceramic is much more severe. 

As an application example of the present invention, when a cylindrical alumina sintered 
product with an outer diameter of 1 6-32 mm, a thickness of 2-3 mm, and an average bending 
strength of 40 kg/mm 2 is cast-wrapped with an aluminum alloy cast at 700°C, a sound cast- 
wrapped body is easily obtained at a probability of 80-95%, while when said alumina is cast- 
wrapped with a spheroidal graphite cast iron cast at 1,430°C, the alumina sintered body is 100% 
fractured by thermal impact. 

During cast-wrapping, the conventional aluminum titanate ceramic is fractured by the 
thermal impact of the above-mentioned spheroidal graphite cast iron and [illegible] due to the 
solidification and shrinkage, and the non-fractured ceramic has coarse crystal particles and easily 
falls off. In order to eliminate these problems, crystals with a large aspect ratio and crystals with 
a small aspect ratio are mixed, so that the bonding strength is raised and falling-off of the crystal 

particles is prevented. Furthermore, in the present invention, since a large amount of TiOa that 

prevents high-temperature decomposition and has catalytic action is included while maintaining 
the above mechanical properties, a ceramic for cast-wrapping having new excellent properties 
can be realized. 

The ceramic for cast- wrapping of the present invention is prepared as follows. Auxiliary 
materials having a chemical composition of 0.5-6% Fe203 and 0.5-2% Mn02 and/or 0.5-2% 
CteCh, by weight, and main materials of AI2O3 and Ti02 with a composition mole ratio of AI2O3 
and Ti02 of 0.97:1-0.8:1 are mixed as raw materials. 20-25% water, 0.5% acryl dispersant, and 
1% isopropanol, by weight, are added to said raw materials and mixed for 20 h using a ball mill; 
0.5% defoaming agent, 1% of a 10% polyvinyl alcohol solution, and 5-10% water are then added, 
mixed for 1-2 h, and defoamed, so that a slurry with a viscosity of 150-800 cp (18°C) is prepared. 
Using the slurry, the inner wall of a hollow tubular exhaust manifold is molded by the slip- 
casting method. After drying, it is baked at 1 ,600°C for 1 .5 h. 

The inner wall of the exhaust manifold of the aluminum titanate ceramic obtained in this 
manner has many cracks; also, during cast-wrapping, the difference in the thermal expansion in 
the vertical direction of the aluminum titanate crystals generated by rapid heating of the 
spheroidal graphite cast iron and the deformation due to the solidification and shrinkage of the 
spheroidal graphite cast iron are absorbed by the cracks, so that the ceramic is not broken. At the 
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same time, easy falling-off of the crystal particles intrinsic to the ceramic having cracks is 
prevented by the structure in which two kinds of crystals with a different aspect ratio are mixed. 
Also, due to the above-mentioned structure, there is no instant fracture and the reliability is high. 

The ceramic for cast-wrapping of the present invention is cast- wrapped without problems 
by the use of a metal cast at a temperature lower than that of the spheroidal graphite cast iron, 
and can be used at a temperature lower than that of an exhaust manifold, for example, as the 
inner wall of an exhaust port. Also, when the ceramic for cast- wrapping has a simple shape such 
as a cylindrical shape, it can be cast-wrapped without problems by casting at a temperature higher 
than 1,450°C. 

The reasons for the numerical value limitation are as follows. 

Fe203 is effective for forming a flexible structure in which [illegible] are included, with 
crystals having a large aspect ratio and crystals with a small aspect ratio being mixed. However, 
if its amount is less than 0.5%, the effect of its addition is deficient, and if the amount is more 
than 6%, a hard structure is formed. With respect to the mole ratio of AI2O3 and TiCh, a large 
Ti02 amount is preferable in terms of high-temperature decomposition prevention and the 
catalytic effect. In the above-mentioned addition range of Fe203, a ratio of 0.97:1-0.8:1 results in 
a flexible structure and is appropriate for cast- wrapping. Also, when only Fe203, AI2O3, and 
Ti02 are mixed in the above-mentioned composition range, if it is baked, its crystal grains grow 
too much, so that many cracks are generated and a structure in which [illegible] crystals and gray 
crystals are segregated is formed. Thus, the strength is greatly lowered and the stability of the 
crystal structure of the sintered product itself is deficient. MnC>2 and CnCh, at least one of which 
is added, control the amount of cracks by suppressing the particle growth and prevent the 
segregation of different kinds of crystals, so that the above-mentioned disadvantages can be 
eliminated. If its amount added is less than 0.5%, the effect is deficient, and if the amount is 
more than 2%, the particle growth is greatly suppressed, so that the amount of cracks is 
unsatisfactory, thereby excessively increasing the elastic modulus. 

APPLICATION EXAMPLES 

The composition of the ceramic was varied, and manifolds in which the ceramics were 
cast- wrapped in a shape as shown in Figure 1 were prepared; the existence of cracks due to cast- 
wrapping of the ceramics and the existence of decomposition were investigated by [illegible] the 
state of the ceramic surface and X-ray diffraction after passing through a combustion gas at about 
950°C for 20 h. The results are shown in Examples 1-8 of Table I. The ceramic of the present 
invention had no abnormalities with respect to any item. Also, with respect to the physical 
properties of the ceramics shown in Examples 1-8, the absolute value of the average thermal 
expansion rate at 50-l,000°C is 1.4 x 10 2 /°C [not clearly legible] or less and the thermal 
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conductivity is 1 .4 kcal/mh°k or less. The low thermal expansion rate and the low thermal 
conductivity intrinsic to the aluminum titanate are maintained. Also, the elasticity constant is 35- 
1 80 kg/mm 2 and the porosity is 3-10%. 

Reference Example 1 is an example having a critical composition in which cracks are 
generated or not generated by cast- wrapping. If the ceramic of this example has a simple 
cylindrical shape, it is also cast- wrapped with a spheroidal graphite cast iron without cracking. 

The metal shown by 1 in Figure 1 is a spheroidal graphite cast iron (product 
corresponding to FCD45). The metal is cast at 1,350-1, 450°C, and the thickness is 5 mm. Also, 
the thickness of a ceramic for cast-wrapping shown by 2 is 3 mm. When a large ceramic hollow 
tube with a more complicated shape is cast- wrapped, a ceramic fiber [illegible] layer is entirely 
or partially installed on the boundary surface of the ceramic being cast-wrapped and the cast- 
wrapping metal, so that the ceramic of the present invention can be cast-wrapped with a 
spheroidal graphite cast iron. 

EFFECT OF THE INVENTION 

Since the ceramic for cast-wrapping of the present invention has the above-mentioned 
constitution, it is suitably used for cast- wrapping with a metal in an exhaust manifold and exerts 
the following excellent characteristics. 

(i) Tt ran hp rast-wrapped with a spheroidal graphite cast iron having an elo n gation much 

higher than that of an aluminum alloy. 

(ii) A sintered product with a uniform structure is obtained. 

(iii) Its surface is not eroded by the exhaust-gas jet flow. 

(iv) It is not decomposed, even at high temperatures. 

(v) It includes a large amount of Ti02 having a catalytic characteristic for exhaust-gas 
purification. 

(vi) It has a good adiabatic characteristic in spite of a low thermal conductivity. For this 
reason, [illegible] from the exhaust-gas jet flow of the outer peripheral metal and the temperature 
rise in an internal combustion engine are suppressed. 

As mentioned above, the present invention solves the conventional problems and 
contributes to the improvement of internal combustion engines. 

BRIEF DESCRIPTION OF THE FIGURE 

Figure 1 is a cross section showing an exhaust manifold having two exhaust-gas passages 
in which a ceramic is cast-wrapped. 



3-1818 



7 



Table I 





Example 1 


Example 2 


Example 3 


Example 4 


Example 5 


Example 6 


Example 7 


Example 8 


Reference 
Example 1 


Composition 
(wt%) 


A1 2 0 3 


53.3 


53.3 


52.2 


50.8 


50.8 


48.7 


51.7 


51.5 


47.7 


TiOa 


43.2 


43.2 


42.4 


44.2 


44.2 


47.8 


41.8 


47.5 


46.8 


Fe 2 0 3 


3.0 


3.0 


2.9 


3.0 


3.0 


3.0 


6.0 


0.5 


3.0 




0.5 


0 


0.9 


2.0 


0 


0.5 


0.5 


0 


2.5 


Cr 2 Os 


0 


0.5 


1.6 


0 


2.0 


0 


0 


0.5 


0 


Mole ratio of AfeCb/TiC^ 


0.97/1 


0.97/1 


0.97/1 


0.9/1 


0.9/1 


0.8/1 


0.97/1 


0.85/1 


0.8/1 


Existence of cracks due to cast- 
wrapping 


None 


None 


None 


None 


None 


None 


None 


None 


Sometimes 
cracked 


Existence of erosion due to a 
combustion gas (950°C, 20 h) 


None 


None 


None 


None 


None 


None 


None 


None 




Existence of decomposition due to 
a combustion gas (950°C, 20 h) 


None 


None 


None 


None 


None 


None 


None 


None 





* Baking conditions: 1,600°C for 1.5 h 

* Outer peripheral metal: Product corresponding to a spheroidal graphite cast iron FCD45, cast at 1,350-1,450°C. 




Figure 1 
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